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Introduction

USP <467> recommends static headspace 

GC (SH-GC) for residual solvent analysis. Yet, 

many important solvents, including low-

volatility compounds, acids and amines 

remain analytically challenging.

Molecular Rotational Resonance (MRR) 

spectroscopy directly identifies volatile 

molecules in mixtures by their unique gas-

phase rotational spectra, providing 

unambiguous ID and reliable quantitation 

without chromatography.

Here we demonstrate fully automated 

headspace–MRR method for high-throughput 

analysis of GC-unfriendly residual solvents in 

pharmaceutical substances, expanding 

analytical coverage beyond conventional SH-

GC.

Headspace-MRR Features

• Spectroscopy, direct analysis without separation

• Unique molecular fingerprints, no spectral 
overlaps

• Reliable, highly-selective quantitation in 
mixtures

• Sensitive: no limits on headspace volumes

• Bridges analytical gaps of conventional methods

• Improves sample throughput

MRR Method Validation

MRR Selectivity

Headspace-MRR Workflow

Samples per batch: up to 66
Time to first results: about 1 hour
Analysis cycle time: 3 to 30 minutes per sample

MRR Applications

MRR Analysis Metrics
USP<467> Class 2 Mixture C 

Residual Solvent
2-Methoxyethanol 2-Ethoxyethanol Dimethylformamide Dimethylacetamide N-Methylpyrrolidone

USP Pass Criteria
USP<467> Limit in substance

(µg/g)
50 160 880 1090 530

Limit in 20 mg/mL substance 
solution (µg/mL)

1 3.2 17.6 21.8 10.6

Confirmed MRR Linear Range in 
Solution (µg/mL)

0.33 – 2.5 0.51 – 8 3.03 – 44 2.27 – 54.5 3.39 – 26.5
NLT 50-150% of 

USP limit
Linearity

(R2)
0.97 0.98 0.98 0.99 0.99 R2 NLT 0.9

Repeatability
(%)

8.7% 9.8% 6.2% 9.1% 11.6% NMT 20%

Recovery in 20 mg/mL 
Acetaminophen (%)

96.8% 92.3% 100.8% 102.7% 109.7% 80% – 120%

Low Limit of Quantitation, LOQ, in 
Solution (µg/mL)

0.33 0.51 3.03 2.27 3.39
NMT 50% of USP 

LimitLOQ in 20 mg/mL Acetaminophen 
(µg/g)

16 26 152 113 169

MRR Metrics vs USP<467> and 
USP<1467> Requirements

pass pass pass pass pass pass

Why MRR for Impurities

Conclusions

• Reliable ID and quantitation with one 
instrument

• MRR can bridge analytical gaps of 
conventional methods

❖ MRR can help with selectivity

❖ MRR can help with sensitivity (use-case: 
low volatile analytes in injection-
unfriendly matrices)

• MRR can help with analysis throughput
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